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(57)Abstract: 

PROBLEM TO BE SOLVED: To ensure both idle control in a very low 
output area and output control at the deceleration time by delaying the 
valve closing timming of an intake valve gradually in response to the 
smallness of required output and executing throttle control of intake air 
through a throttle valve at the time of very low output. 
SOLUTION: In a delay close Mirror cycle, output of an engine is controlled 
by controlling the closing timming of a variable intake valve 2b to be 
actuated by a variable cam shaft 3b, and in the case where the pedalled 
quantity of acceleration pedal 29 is below the maximum level the 
open/ close timming of the variable intake valve 2b is delayed so that 
intake air is made to flow back into an intake port 4b or the like during 
compression stroke before the closing of the variable intake valve 2b. The 
intake air quantity used in combustion cycle is controlled to decreases 
the output of engine. When a required output is in a very low level the 
closing timming of the variable intake valve 2b is fixed at the maximum 
delay angle, and also the open/close control of a throttle valve 6 is 
carried out to control the output of an engine. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Output-control equipment of the internal combustion engine characterized by having the valve-closing time 
control means which delay the valve-closing time of an inlet valve, so that the demand output to an internal 
combustion engine is small, and the throttle valve which opening-and-closing control of the demand output is carried 
out at the time of super-low outputs, such as an idling by which the valve-closing time of an inlet valve is fixed at the 
maximum delay time, and extracts inhalation of air suitably. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the output-control equipment of an internal 
combustion engine, and relates to the output-control equipment which controls the output of an internal combustion 
engine by control of the valve-closing stage of an inlet valve especially. 
[0002] 

[Description of the Prior Art] general — a gasoline engine - the mixing ratio of inhalation air (inhalation of air) and 
fuel - it is restricted to the range with a narrow rate (air- fuel ratio; A/F), and an air- fuel ratio is not based on 
operational status, but is always controlled by the engine which carried especially the catalyst of 3 yuan near [ fixed ] 
theoretical air fuel ratio (A/F **14.7) 

[0003] Moreover, since the amount of the fuel supplied to an engine is decided by the demand output to the engine 
which can be set each time, in case it makes an output small (it is about a fuel flow), it needs to lessen an inhalation air 
content. For this reason, the inhalation air content is adjusted by preparing a throttle valve all over an inhalation-of-air 
path, and usually, extracting a path by this throttle valve. 

[0004] However, extracting a path at the time of a partial load is not increasing inhalation-of-air resistance outside, but 
it has become the greatest factor in which this loop loss (pumping loss) bars the improvement in mpg of a gasoline 
engine. 

[0005] On the other hand, the output-control method adapting the combustion cycle with an expansion stroke longer 
than a compression stroke and the so-called mirror cycle is learned, and according to this, since it is not necessary to 
perform the output control in a throttle valve, the pumping loss at the time of a partial load can be reduced. 
[0006] As a proposal about this, there are some which were indicated by JP,3-1 1 120,A or JP,5-5430,A. 
[0007] the thing of JP,3-1 1 120,A - an inlet valve - a solenoid valve - constituting ~ an intake stroke (piston 
downward distance) — on the way — it comes out and an inlet valve is closed compulsorily, the substantial amount 
regulation of inhalation of air by the throttle valve is attained, and an engine output can be controlled by controlling the 
valve-closing stage of an inlet valve (being the so-called - already — closing) In this case, an output becomes small, so 
that a valve-closing stage is brought forward, i.e., a tooth lead angle is carried out. 

[0008] Moreover, the thing of JP,5-5430,A is controlling the valve-closing stage of an inlet valve using the phase 
change equipment which changes the rotation phase of a cam shaft. In this case, an inlet valve is closed in the middle 
of a compression stroke (piston up stroke) (the so-called ******), and an output becomes small, so that a valve-closing 
stage is delayed. 
[0009] 

[Problem(s) to be Solved by the Invention] However, these conventional technology has the fault which cannot control 
by super- low output areas, such as an idling and engine brake, in order to perform the output control of an engine only 
by valve-closing stage control of an inlet valve, that is, in this output area, control of an idling engine speed etc. is 
precise - and - highly precise -- revolving speed control - it must carry out this ~ receiving - already ~ closing - 
****** — precision is acquired only by valve-closing stage control by neither of the cases 

[0010] Especially in ******, there are also the following problems. In order that the rate of combustion may perform 
ignition by the ignition plug by before [ a top dead center ] 30-50-degreeCA of a compression stroke and may 
generally end valve closing of an inlet valve before this ignition timing from the need for reservation of a limited and 
fixed burning time, there is a limitation in delay of a valve-closing stage. 

[001 1] In addition, since cylinder internal pressure will become below atmospheric pressure and the adverse current of 
exhaust air will arise when the inhalation of air shifts like an exhaust air line through explosion and an expansion 
stroke if the valve-closing stage of an inlet valve is delayed and an inhalation air content is restricted too much, it is 



Page 2 of 4 



necessary to prevent such a situation. 
[0012] 

[Means for Solving the Problem] this invention is equipped with the valve-closing stage control means which delay the 
valve-closing stage of an inlet valve, so that the demand output to an internal combustion engine is small, and the 
throttle valve which opening-and-closing control of the demand output is carried out at the time of super-low outputs, 
such as an idling by which the valve-closing stage of an inlet valve is fixed at the maximum delay stage, and extracts 
inhalation of air suitably. 

[0013] Although this composition is the so-called ****** mirror cycle for which the valve-closing stage of an inlet 
valve is delayed as the demand output to an internal combustion engine becomes small, when a valve-closing stage 
reaches a predetermined delay limitation like the above, a valve-closing stage is fixed at the maximum delay stage. On 
the other hand, at this time, drawing control of the inhalation of air by the throttle valve is performed, this controls the 
amount of inhalation of air precisely, and the idle control by the super-low output area and the output control at the 
time of a slowdown become possible. 
[0014] 

[Embodiments of the Invention] The gestalt of suitable operation of this invention is explained in full detail based on 
an accompanying drawing below. 

[0015] Drawing! is the block diagram of the output-control equipment concerning this invention, and the engine 1 
(internal combustion engine) has composition of DOHC which carries out direct-acting of two inlet valves 2a and 2b 
and the exhaust valve (not shown) by the cam shaft 3 (one is illustrated) so that it may illustrate. Inlet valves 2a and 2b 
open and close each suction port 4a and 4b, unification connection of the suction ports 4a and 4b is made at the inlet 
pipe 5 which carries out partition formation of the inhalation-of-air path, and the throttle valve 6 for extracting the 
inhalation of air in a pipe is formed in this inlet pipe 5. The piston 8 prepared in the cylinder 7 rotates a crankshaft 9 by 
the reciprocation. 

[0016] Here, two inlet valves 2a and 2b operate independently, respectively, and can change a valve-closing stage now 
as [ the whole inlet valve ] especially. Phase change equipment 10 makes this change substantially. 
[0017] As shown also in drawing_3 in detail, phase change equipment 10 makes this the phase changes of two cams on 
the same axle like JP,59-183010,A using the slanting slot. Phase change equipment 10 has the cam shaft 3 of double- 
pipe structure, and a cam shaft 3 consists of phase fixed cam-shaft 3a and phase adjustable cam-shaft 3b, and has fixed 
cam 1 la and adjustable cam 1 lb to which these cam shafts 3a and 3b push inlet valves 2a and 2b respectively in one. 
Fixed cam-shaft 3a fits into the outside of adjustable cam-shaft 3b free [ relative rotation ], and the intermediate 
bearing 12 fixed to both one side permits the relative rotation. The timing pulley 13 is attached in the end of fixed cam- 
shaft 3a, and the input from a crankshaft 9 is transmitted to the timing pulley 13 through a timing belt 14 and a drive 
pulley 15. Thereby, phase fixed cam-shaft 3a comes to be interlocked with a crankshaft 9, and a phase is fixed to a 
crank angle. 

[001 8] On the other hand, the input transmitted to fixed cam-shaft 3 a has phase contrast, and is transmitted to 
adjustable cam-shaft 3b by phase change mechanism 10a. That is, on both sides of the timing pulley 13, the slanting 
fluting boss 16 is being fixed to fixed cam-shaft 3a in between. This boss's 16 slanting slot 17 is aslant formed toward 
the hoop direction to the shaft orientations of a cam shaft 3. On the other hand, the fluting boss 18 is fixed also to the 
end of adjustable cam-shaft 3b, and this boss's 18 slot 19 is formed in accordance with shaft orientations/The movable 
piece 20 fits into these slots 17 and 19 free [ sliding ], and the movable piece 20 is fixed to a hinged cantilever 21 in 
one. The control lever 23 will be attached in a hinged cantilever 21 possible [ relative rotation ] through bearing 22, the 
movable piece 20 will move along slots 17 and 19 by moving this control lever 23 to shaft orientations, and the phase 
of adjustable cam-shaft 3b will shift to fixed cam-shaft 3a. 

[0019] In addition, the bearing with which 24 support fixation and the adjustable cam shafts 3a and 3b to revolve, and 
25 are valve springs among drawing. 

[0020] The control lever 23 is substantially operated by the electric actuator 26 shown in drawing 2 with a throttle 
valve 6. An electronic control (ECU) 27 sends a control signal to this actuator 26. In addition to this, ECU 27 performs 
basic control, such as fuel-injection control, ignition-timing control, etc. by the fuel injection valve 28. Furthermore, 
the accelerator stroke sensor 30 formed in the accelerator pedal 29 is connected to ECU 27. The accelerator stroke 
sensor 30 outputs the electrical signal according to the amount of treading in of an accelerator pedal 29 to ECU 27. 
And ECU 27 opts for the demand output which a driver demands of an engine 1 based on this signal. 
[0021] Especially, in the above-mentioned composition, phase change equipment 10, an actuator 26, ECU 27, and the 
accelerator stroke sensor 30 constitute the valve-closing stage control means which delay the valve-closing stage of 
inlet-valve 2b, so that the demand output to an internal combustion engine 1 is small. 
[0022] Next, the control method of the engine output by this equipment is explained. 
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[0023] As mentioned above, this composition is the thing of a ****** mirror cycle, namely, the valve-closing stage of 
inlet- valve 2b (it is called below adjustable inlet- valve 2b, and inlet- valve 2a of another side is called fixed inlet-valve 
2a) is controlled, and while operating by adjustable cam-shaft 3b controls an engine output. 

[0024] Specifically, it is as follows. Drawing 4 is the valve-lift diagram of inlet valves 2a and 2b and an exhaust valve, 
and the piston position equivalent to a crank angle is taken along the horizontal axis, or [ that only the opening-and- 
closing timing is / as opposed to / the opening-and-closing timing of fixed inlet-valve 2a / while adjustable inlet-valve 
2b had maintained the same profile and the amount of lifts to always opening and closing fixed inlet-valve 2a to fixed 
timing ] equal so that it may cut by future / - or it is delayed (In addition, the lift curve of two cams does not need to 
be the same) 

that is, the case where the amount of treading in of an accelerator pedal 29 is under the maximum - the opening-and- 
closing timing of adjustable inlet-valve 2b ~ delay - or the angle of delay is carried out And when it becomes like this, 
as adjustable inlet-valve 2b is a compression stroke under piston elevation, the valve comes to be closed, and inhalation 
air is made to flow backwards in the compression stroke before the valve closing in suction-port 4b etc. Since the 
inhalation-of-air air content used in the combustion cycle of an engine by this is controlled, fuel oil consumption 
corresponding to this inhalation-of-air air content is lessened with this, and an engine output decreases. More 
specifically, corresponding [ that is, ] to the amount of treading in of an accelerator pedal 29, based on a demand 
output, ECU 27 operates the control lever 23 through an actuator 26, makes a phase change of adjustable cam-shaft 3b, 
and controls the valve-closing stage of adjustable inlet-valve 2b. 

[0025] In addition, if a driver gets an accelerator pedal 29 into the maximum, a demand output serves as the maximum 
and its closed timing of adjustable inlet- valve 2b corresponds with it of fixed inlet- valve 2a. 
[0026] thus ~ this composition - a demand output - size ~ it is alike indeed and a valve-closing stage carries out a 
tooth lead angle ~ having ~ a demand output - smallness ~ the angle of delay of the valve-closing stage is carried out 
to a forge fire 

[0027] In addition, although mentioned later in detail, during valve-closing stage control of adjustable inlet- valve 2b, 
the throttle valve 6 was held at the full open state, and has prevented generating of the above-mentioned loop loss 
(pumping loss). When the valve-closing stage of adjustable inlet-valve 2b is fixed at the maximum delay stage, 
opening-and-closing control of this throttle valve 6 comes to be carried out. Moreover, as a constitutional merit, only 
one adjustable inlet-valve 2b carries out angle-of-delay control, and the point which is not the method of changing 
simultaneously the opening-and-closing timing of both inlet valves 2a and 2b is lifted. That is, since each of fixed cam 
1 la and adjustable cam 1 lb can be made into the optimal configuration for the opening-and-closing behavior of inlet 
valves 2a and 2b and the valve-opening period of a substantial inlet valve can be freely changed in two combination of 
a parenthesis, while it is also easy to take the long period which can be closed and being able to attain easy-ization of 
control, a mechanical mechanism can also be simplified compared with the case where oil pressure etc. is used. 
[0028] By the way, although a valve-closing stage is delayed with decrease of a demand output, there is a limitation in 
the delay for the reasons of reservation of a burning time etc. mentioned above. Maximum angle-of-delay thetamin 
shown in drawing 4 by which this delay limitation corresponds at the maximum delay stage This maximum angle-of- 
delay thetamin It can exceed, the angle of delay of the valve-closing stage cannot be carried out, and the output control 
by valve-closing stage control is not made. 

[0029] Moreover, this maximum angle-of-delay thetamin When the angle of delay must be exceeded and carried out, 
and the case where a demand output turns into a super-low output equivalent to an idling, engine brake, etc. is included 
in many cases and it becomes like this, an output control will be made and it is a problem. In still such an idle field of 
an engine 1, while the precise control of control of an idling engine speed etc. is needed, there is also a problem from 
which high degree of accuracy is not obtained only by valve-closing stage control. And as mentioned above, especially 
in the time of engine brake, it is necessary to also prevent the adverse current of the exhaust air accompanying 
negative-pressure-izing of cylinder internal pressure. 

[0030] Then, when such a demand output is a super-low output in this composition, it is maximum angle-of-delay 
thetamin about the valve-closing stage of adjustable inlet-valve 2b. While fixing, opening-and-closing control of a 
throttle valve 6 is performed, drawing is given to inhalation of air, an inhalation air content is restricted, and it is made 
to control an engine output. In this case, existence of a throttle valve 6 does not necessarily spoil the pumping loss 
reduction purpose at the time of low load operation. That is, already, when a throttle valve 6 serves as close, since the 
inhalation air content has decreased, the loop loss in a throttle valve 6 can be pressed down by the angle of delay of 
adjustable inlet-valve 2b to the minimum compared with the usual mechanism. 

[003 1] This situation is concretely shown to drawing ! by the graph, and the demand output is taken along the 
horizontal axis. P0 Maximum angle-of-delay thetamin of a valve-closing stage It is a corresponding demand output 
value and is this P0. Above the output control in the valve-closing stage of adjustable inlet-valve 2b is made, and it is 
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PO. Below, a valve-closing stage is maximum angle-of-delay thetamin. It is fixed. In addition, thetamax It is, the 
minimum angle of delay, i.e., maximum tooth-lead-angle value, of a valve-closing stage. 

[0032] On the other hand, it is PO. P2 [ a little large ] A shell and the inflammable minimum output PI of an engine 1 
In the range, it turns out that opening-and-closing control of a throttle valve 6 is made. PO and P2 It is the overlap for 
losing a feeling with the stage in between. A throttle valve 6 is full open like the above-mentioned during valve-closing 
stage control, and a demand output is P2. If it becomes the following, along with a comparatively rapid falling curve, 
switching action will come to be carried out by the narrow output area. In addition, Pmax It is the maximum demand 
output value. 

[0033] PO [ and ] Low [ of a more than ], inside, or a high power region to PO if it breaks in and an accelerator pedal 29 
is returned from a state so that it may return to the following super-low output areas, the output decreases with linear 
feeling like the engine of only the conventional throttle valve ~ as - an actuator 26 - and - Control by ECU27 is 
performed. 

[0034] Thus, if opening-and-closing control of a throttle valve 6 is used together in addition to valve-closing stage 
control of adjustable inlet- valve 2b, only by valve-closing stage control, it becomes controllable by the super-low 
output area out of control, and highly precise idle control can be performed. 

[0035] the diagram by which drawing J5 showed the situation of the angle of delay of adjustable inlet- valve 2b on the 
map of the rotational frequency of an engine 1, and torque (load) ~ it is - thetamin, theta 1, and theta 2 the valve- 
closing stage of adjustable inlet- valve 2b carries out a tooth lead angle to the order ~ having - thetamax ****-- it 
becomes the maximum tooth lead angle (the minimum angle of delay), and a maximum torque diagram is drawn 
thetamin In the upper field A, a throttle valve 6 is considered as full open, and opening-and-closing control of a throttle 
valve 6 is made in the field B of the bottom. The field where especially torque serves as negative is a field used as 
engine brake, and a throttle valve 6 is a close by-pass bulb completely mostly at this time. In addition, the diagram of 
** theta draws a line upward slanting to the right along with elevation of a rotational frequency for the inertia of the air 
(gaseous mixture) which flows backwards from adjustable inlet-valve 2b. 

[0036] As mentioned above, although the gestalt of suitable operation of this invention has been explained, this 
invention is not limited to the above-mentioned gestalt, but various gestalten are possible for it. And naturally this 
equipment can also be combined with a cylinder-injection-of-fuel engine or a lean burn engine 
[0037] 

[Effect of the Invention] this invention demonstrates the outstanding effect like a degree. 

[0038] (1) In a super-low output area uncontrollable by valve-closing stage angle-of-delay control of an inlet valve, it 
becomes possible to perform a highly precise engine output control. 
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DRAWINGS 
[Drawing 1] 
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□-?*yf3 0*«, ®m#2bOH#B#w^, «g 

[0022] iJ^tc, #^SC4 i>xyyy&;J}co»]«J 

[ 0 0 2 3 ] ±a»Lfc J: o Iz, ***»4«flW4fflB t S 5 
-1M^cD&c9T*J>9, fiP*>'5r^*A^A'7h3bT' 

■wts n £ 2 b ( ja-roassi* 1 2 b t u 

v\ »SM2a£i©»I#2afcl l ^ ) <0pSi# 
■*»I«:#JW LT , x y isV&-ft*®Wth t> Wft 6 . 
[0024] **WC{4JaT<WB 0 T*i . 04 i4, © 
2 a , 2 b 3W;»|!yfW ^7* U 7 MRETC. flMl 

uz?7>7i!ii,zmm-tz>VAhy{m&k'>xht>. 

-fiy/tWawtSL, BfMSv#2 bli, |H0— 

<5rn7 ^ - wj 7 n*«-jitii, zcvmm? 

-f S^W. B5£«Si#2a<OBHffl?>f 5>-^{cW 
L^U^MSW4M®S-£4>ix&. 2^<r>ijJ>,<r> 

ftZithtih. ZLXZHc&b, «nS0K9l#2b*i«e 

•3 . *OW#«OBEIif^+fc:«AffiSW*««!jf- h 4 
bftmz®mz-£t>ti&. ztUziVx-yityemm- 

4 ?;uxmmzti&m$m5m&mwzti&<7)x\ z<o 

S^ffiTJfCS-^'^ . ECU 2 7mfaX-^2 6^ 
tT$l]iS|W-<-2 3Srl!l^$-»ir s ^A^7h3b 
^{iffl^Sl^^o-C, «T^©»# 2 b Offl#^Sr$lJ« 

[ o o 2 5 ] ae**«r^-fe^^2 9 z&± 

(=H»3&K>tfs S*tb73{4S±t : Sr , 3. ■5T^©m#2b 
coPB^-f 5 >^III5&&»#2 aco-eilt-^^ix?,. 
[0026] icoJ; d fc, *»*»4*j«-ei4. S^iBA* 4 

[0027] PL<{4f^-TI»*^ ^T3E«»#2 
b ct)W#^ WJ«P+ . X a -y h 6 tt^BH«!Bfc:«fif 

3kLX\^h> ZcoxjD-y h;b#6<4. ^(R»#2bi0 

*i!»J:dt;:&&. ffi^ico^ 'J -y hi: LTJ4. - 

^r<o-sRE«swF 2 b <r>^mnmm l , K^r<?)©^.# 2 
a . 2 b^)SK^-Y s yy*mmz&i2,ijmx'ii%u 
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J&tKi -f & £ i; a*T§ ,isoz.<n 2-*ott£-tfC3**« 
*8ia**< t & £ t i>®%T$> 0 . iiJIBKOScSfl^EBi 

[0028] t£ S*tti^Jc7)M/htf*^K#^W 

aswjMfcffls-r4H4fc*Lfc***a0Bin t\ £ 

[00 29] 4st. ,I<Offc*;jga0iin SrjSxT&ftL 

y y^-*t£tfflS-tl> Steffi* i 
*14 £ k&&< , £ 3 *4 k ttiJimWtfX'ZZ^Z k k 

[0 0 30] -?-£T\ J&»*»*fiRKfc*$^TJ±, C^id 

y^axteMS#jSr*&-f LiS&o k<7ymft^. HP 
fe s xo y hJU#6tfmk%Z>t%^t, BHCWSBSi&t- 

[003 1] 01 W±£cO«^*#fi<Jt^77-e*S 

£*U P 0 OTTfcim^^jWfltf^ 0«in (cBljfcS 

[00 3 2] —Sr. P 0 J: ^^k^^Pi xy 
S^lOnTjgfcft/h&JjP, OttfflfctJWt, ^•yMl' 
^eoBBBHMW^sSrSn-C^S^A^S. P 0 . P 2 

d -y h;^6 fiW^fSB$ijffli+(ilfr^in< 
[0 0 3 3] P 0 fcLL<0«, sRufi 



Tffi**%/htTV^< J: ^ . T^fil-^ 2 6&I>' E 
CU 2 7 X'C0®mtffihtl&« 

[0034] £0DJ: 3 JC, «T3G^#2 b<75(H#l$«S!l 
WfcJo*.. XD7 h/b#6<0HWB«I»*fifffl't4i:» PH 

fc#y. itbffSSrTM hVWH»£gHff 4.1 ktfX'Z 

[0 0 3 5] 05!i. Tsr3&R»#2bwaft«« : FSr. 

Lfcll0T\ <9min , 6 l , d z -t V>-?^IHC^® 
^2b^K#^J«^3t«§il. <9nax T'<±g*iifcfc 

n <0±fli^«AT(ixa>yh;W^6*s^:rat$ft. 
<7)Tffl^ B T'(±X O -y h /L-# 6 ^^TOJffl!*^ $ ft 

&m®X\ ZcDbZlzteXn-y hju#6mm£mx-$> 
h. #^<?»BEIttBnS5«Si#2b3&»feiBartiS 

[0036] tit. ^HJ^jffa^JQttfD^JBtcoV^T 
[0037] 

[0038] (i) m\#<r>m#®fmmmmx'im 
mx't^mmtnijmzm^x . %mm^>^>^ 
mwzmff ■*& z t tfssmk tch . 

yjyx'bz. 

[ h 2 3 £ aj*iw«ear^)«j«HT* & . 

[H 3 3 {4ffl^^aoi¥ffl^^WMaT'$)l» . 

[H4 3 ottta&tttMMivvtt'yy 7 MftBrc2b& . 

[05 3 STSaS«#<05lft<oaHFSrV.y7 , ±fcS5Ufe* 
0T'*)S. 
[^«0lK^] 

1 (««) 

2 b "T^®«# (««#) 
6 XO-yWW# 

io fiffl^M^a (H#B#»jtp#g) 
2 6 r;fai-^ (mtmmmw^m) 
2 7 ecu (n#f^amif^a) 

Po . Pi ^*ffi*tt 
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